Light inhibits production of the mycotoxins alternariol and alternariol monomethyl ether, both polyketids produced by Alternaria alternata. This effect seems to be general because seven isolates of A. alternata with different alternariol-and alternariol monomethyl ether-producing abilities all respond to continuous light with reduced levels of alternariol and alternariol monomethyl ether when the mycotoxins were calculated on a microgram-per-milligram (dry weight) basis. Blue light inhibited alternariol and alternariol monomethyl ether production 69 and 77%, respectively. Red light gave no reduction of toxin levels. Total lipids were increased 25% when mycelium was grown in blue light as compared with red light or darkness. In white or blue light, but not in red light or darkness, a red-brown pigment accumulated by the mycelium.
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White light has been shown to decrease mycotoxin production in Aspergillus flavus (2, 14) and in a mutant strain ofAspergillusparasiticus (1) . The mechanisms involved in this light inhibition of toxin production are not known. Soderhill et al. (21), working with the common plant pathogen Alternaria alternata producing several secondary metabolites of low to intermediate toxicity (12, 18) , demonstrated that alternariol (AOH) and alternariol monomethyl ether (AME) production was strongly inhibited in white light.
Others have reported that AOH production in A. alternata is reduced if yeast extract or yeast extract plus Czapek-Dox broth was added to rice used as growth medium (3). Hult and Gatenbeck (13) showed that hydroxycitrate inhibited fatty acid synthesis from glucose and acetate and AOH synthesis from glucose.
To investigate further the mechanism behind light inhibition ofmycotoxin production in fungi, we focused on A. alternata. This work was done to investigate (i) whether light inhibition of AOH and AME production is a general characteristic of A. alternata metabolism, (ii) which light qualities are most effective in inhibiting AOH and AME production, and (iii) whether other metabolic pathways are affected by the light treatments. A. alternata (Fr.) Keissler, strain CMI 89343, Commonwealth Mycological Institute, Kew, Surrey, England, was used to study the effect of blue and red light on lipid content and AOH and AME production and the effect of white light on ,B-carotene production.
MATERIALS AND MET'HODS
Growth medium. Liquid medium, modified Czapek-Dox, (10) was used throughout the investigation.
Cultural conditions. Stock cultures were kept in darkness at 4°C in 50-ml bottles containing 15 ml of Czapek-Dox agar medium containing 1.5% agar (Difco).
Small pieces of peripheral mycelium were used as the inoculum, although a few isolates produced conidia in culture. All experiments were performed as drop cultures in plastic petri dishes (21) with 0.25 ml of liquid medium for each drop. In all experiments the petri dishes (9-cm diameter) were sealed with Parafilm and incubated at 20°C in thall-trone chambers for 7 days.
Dry weights of each mycelial culture were determined after drying for 24 h at 105°C.
Light. To study the inhibitory effect of white light, cultures were grown at the light intensity of 180 W/m2 at the outer surface of the petri dish with Philips TL (11) . Quantitative determination of fB-carotene was performed by the method of Davies (6).
RESULTS
All A. alternata isolates exposed to continuous white light produced reduced levels of AOH and AME as compared with dark controls, irrespective of the region or the commodity from which the fungus was isolated ( Table 1 ). The production of AOH and AME varied considerably between different isolates and usually more AME is produced than AOH ( Table 1 ). The percent inhibition was not affected by the amount of AOH and AME produced in darkness (Table 1) . Since neither AOH nor AME is degraded in light and since the ratios between the two metabolites were unchanged under dark and light conditions (Table 1) , light probably did not affect the synthesis of AME from AOH.
When A. alternata strain CMI 89343 was illuminated with continuous blue or red light (Fig.  1) of the same intensities, blue light inhibited AOH and AME production by 69 and 73%, respectively (Table 2) . Red light had no obvious effect on AOH and AME production ( Table 2) . Standards of AOH and AME in Czapek-Dox medium exposed to blue and red light were not degraded when incubated for 7 days at 20°C.
Blue light not only affected AOH and AME production, but also increased total lipids of the (Table 3) . Red light had no effect on total lipids (Table 3) .
When the cultures were exposed to white or blue light, red-brown pigments of a complex nature were produced. No such pigments could be seen when the cultures were grown in darkness or in red light. During the saponification of the pigments, it was found that a major portion became water soluble, being red-brown in oxidized form and dark blue to purple in reduced form. The yellow ether-soluble fraction contained three to four spots on thin-layer chromatography; one spot gave Rf values identical to standard of ,B-carotene. Spectrophotometry (see Materials and Methods) also revealed that #-carotene was one component of pigments formed in light. 
DISCUSSION
Inhibition of AOH and AME production by continuous white or blue light may well be a general effect with most isolates of A. alternata, since seven isolates showed reduced levels of AOH and AME after continuous illumination. AME production was always inhibited to the same extent as AOH production (Table 1) . AME can be synthesized from AOH (9) , and this metabolic step was apparently not affected by light.
Blue light was responsible for the inhibition of AOH and AME production ( Table 2) . Blue light has, in general, the most effective wavelengths in generating fungal photoresponses (4, 16) . Kumagai (15) working with A. tomato, found that a photoreceptor system is involved in a blue and near ultraviolet-reversible photoreaction which plays a role in the photocontrol of conidial development.
Total extractable lipids in A. alternata was higher in blue light than in red light (Table 3) . Ciegler et al. (5), working with dark-inoculated mated strains of Blakeslea trispora, found that the addition of various natural oils and greases to the medium greatly stimulated,B-carotene production. Gatenbeck et al. (9) showed that the AOH-synthesizing crude enzyme preparation from A. alternata also had the capacity to synthesize lipids.
The mechanisms behind light inhibition of AOH and AME synthesis are still obscure, but possibly light initiates a synthetic pathway towards ,B-carotene and lipid production away from polyketide synthesis, thereby reducing the levels of toxins produced.
